Supr content and composition are major criteria used in judging the quality of netted muskmelon (Cwucmis melo L. var reticulatus) fruit. Sugar composition and four enzymes of sucrose metabolism were determined in 'MNum 45' muskmelon fruit at 10-day intervals binig 10 days after pollination (DAP) until full-slip (35 DAP). Sugar content increased in both outer (green) mesocarp and inner (orange) mesocarp between 20 and 30 DAP. The major proportion of total increase in sugar was attributed to sucrose accumulation. The large increase in sucrose relative to glucose and fructose was accompanied by a dramatic decrease in acid invertase activity, which was highest in both tissues at 10 and 20 DAP, and increases in sucrose phosphate synthase (SPS) and sucrose synthase activities. The green tissue had a lower propordto of total sugar as sucrose, greater invertase activity, and less SPS activity than the orange tissue. Changes in relative sucrose content were highly correlated with changes in enzyme activity. The results strongly suggest that increases in the proportion of sucrose found in melon fruit were associated with a decline in acid invertase activity and an increase in SPS activity approximately 10 days before full-slip. Therefore, these enzymes apparently play a key role in determining sugar composition and the quality of muskmelon fruit. Ethylene. Tissue cylinders were taken along the equatorial plane of each fruit with a 0.8 cm diameter cork borer and cut to a uniform length of 2.5 cm. The tissue cylinders were divided into a 0.5 cm portion including the rind and the remaining 2.0 cm segment made up of the inner orange tissue. Each segment was placed in a 12 x 75 mm glass vial and capped with a rubber serum cap. The headspace gas was allowed to accumulate for 0.5 to 2 h; 1 ml was then analyzed for ethylene by FID-gas chromatography on an alumina column (2.46 m x 0.32 cm).
as sucrose, greater invertase activity, and less SPS activity than the orange tissue. Changes in relative sucrose content were highly correlated with changes in enzyme activity. The results strongly suggest that increases in the proportion of sucrose found in melon fruit were associated with a decline in acid invertase activity and an increase in SPS activity approximately 10 days before full-slip. Therefore, these enzymes apparently play a key role in determining sugar composition and the quality of muskmelon fruit.
Soluble solids content is one criterion used to measure the marketing grade of netted muskmelon (Cucumis melo L. var reticulatus) fruit (19) . Developmental studies have shown that total sugar, especially sucrose, increases sharply in muskmelon fruit approximately 15 d prior to full-slip (1, 9, 11). The relative contents of sucrose, glucose, and fructose also change as the melons mature. In addition, Mizuno et al. (11) showed that different parts of the flesh of muskmelons have different sugar compositions. Bianco and Pratt (1) noted that fruit harvested prematurely did not accumulate soluble sugar. They attributed the lack of sugar accumulation to the removal of the fruit from the source of assimilate and a lack of starch reserves in the fruit. While the ultimate source of sugar for developing fruit is translocated photosynthate, these changes in sugar composition suggest that regulation may also proceed via specific metabolic events within the fruit.
The composition of stored sugar in several plant species has been associated with key enzymes responsible for sucrose metabolism. Glucose and fructose are generally predominant in rapidly expanding juvenile tissue (12) . These tissues often have very high invertase (EC 3.2.1.26) activities. Mature sucrose-storing tissues have low invertase activity, and SPS' (EC 2.4.1.14) is presumed to be the major sucrose synthesizing enzyme (6), although SS (EC 2.4.1.13) may play that role in some species (4) . In mature tissues, SS has been implicated as the predominant sucrosecleaving enzyme, perhaps providing UDP-Glc for complex carbohydrate production (6) . In sugar-storing plant tissues, shifts in carbohydrate composition are usually accompanied by shifts in the relative activities of these sucrose metabolizing enzymes. However, most ofthese studies were confined to vegetative tissues such as sugarcane stems (Saccharum spp; [3] ), sugarbeet roots (Beta vulgaris L.; [17] ), and bean leaves (Phaseolus vulgaris L.; [13] (Fig. 1) . Density of the fruit remained fairly constant throughout development, at about 0.90 g ml-'.
In the first 30 DAP, ethylene production was less than 10 nl g FW-' h-' in both tissues. Ethylene production in the green tissue (9.38 ± 2.48 nl g FW-' h-') was higher than that in the orange tissue (3.21 ± 1.24 nl g FW-' h-'). By (Fig. 2) . By 30 DAP sucrose was also present in both tissues, and the total sugar content had increased. Total sugar and sucrose contents were higher in orange than in green mesocarp. The sucrose content of orange tissue at 30 DAP was more than 3-fold higher than the level found in green tissue. In both tissues, fructose content was higher than glucose content. Total sugar content of both tissues declined between 30 DAP and full-slip in both experiments.
Both acid and neutralinvertase activity were detected in orange and green tissue. The highest total invertase activities were found in green and orange tissues early in development (Fig. 3) . Acid invertase activity was generally higher than neutral invertase activity during early development. The levels of total invertase activity were highest in the green tissue (51 ,umol g FW-' h-' versus 30 Mmol g FW-' h-' in the orange tissue). Activities of both acid and neutral invertase declined as fruit matured. Acid invertase activity of orange tissue was barely detectable at 30 DAP.
In contrast to total invertase activity, SPS activity increased dramatically between 20 and 30 DAP, especially in the orange tissue (Fig. 4) . SS also showed a slight transient increase ofactivity at 30 DAP. Activity of both SPS and SS was higher in orange than in green tissue, but in green tissue SS activity tended to be higher than SPS activity, especially early in development.
DISCUSSION
The large increase in sugar content of muskmelon fruit approximately 10 d before full-slip has been documented (1, 9, 11) and confirmed in the present study (Fig. 2) . The difference in fruit growth rate between experiments probably resulted from differences in the greenhouse environment during development. However, the ethylene production data of both experiments indicate normal physiological development; that is, fruit cylinders produced low amounts ofethylene until full-slip at 35 DAP, when the tissue produced the large amount of ethylene typical of a climacteric fruit (16) .
The changes in the sugar composition of developing fruit corresponded to changes in the activity of sucrose metabolizing enzymes. In younger fruit (10-20 DAP), glucose and fructose were the only soluble sugars detectable in both green and orange tissue (Fig. 2) . During the same period of development, acid and neutral invertase activities were high (Fig. 3) , and SPS activity was low (Fig. 4) . As fruit matured, relative increases in sucrose content occurred in both tissues which were associated with a decline in invertase activity and increased SPS activity. There were highly significant negative correlations between sucrose content and acid invertase in both tissues (r = -0.636 and r = -0.819 for green and orange tissue, respectively), and between sucrose and neutral invertase activity (r = -0.544 and DAYS AFTER POLLINATION r = -0.605). Sucrose content in both tissues was also significantly correlated with SPS activity (r = 0.611 and r = 0.807 in green and orange tissue, respectively). While a significant correlation coefficient does not necessarily indicate a cause and effect relationship, the results in this instance are highly suggestive.
There are some similarities in patterns of sugar accumulation between the data presented here for developing muskmelon and developing grapefruit (Citrus paradisi Macf.) fruit (10) . In grapefruit, acid invertase activity was also very high early in development, declining to low levels before sugar accumulation. However, in grapefruit, SPS activity was very low throughout development, while increases in sugar content were associated with decreases in SS activity. These fruits, while both sugarstorers, may use different biochemical pathways for the accumulation of sugar.
In many systems acid invertase activity is associated with cell elongation (12) . Most of the growth of melon fruit after 7 DAP is the result of cell enlargement rather than cell division (15) . Acid invertase activity on a FW basis dropped dramatically between 20 and 30 DAP (Fig. 3) , while fruit volume continued to increase at a constant rate in the same time period (Fig. 1) . This decline may have resulted from a dilution of FW activity by the decreased number of cells in the same volume. However, other studies with grapefruit (10) have also shown a decline in acid invertase activity prior to fruit maturation.
The green and orange mesocarp tissues had different sugar contents and enzyme activities throughout development (Figs.  2, 3 , and 4), even at 10 DAP, before color development of the inner tissue occurred. In mature fruit, the outer mesocarp remains green and inedible (15) . The green mesocarp had lower total sugar content and a lower sucrose content than the orange, both in absolute value and relative to glucose and fructose (Fig.   2) . In contrast to orange mesocarp, green mesocarp also had a higher acid invertase activity (Fig. 3) , and a lower SPS activity (Fig. 4) Despite the differences between the green and orange mesocarp, these tissues were not completely independent. The sucrose content ofthe green tissue was highly correlated with the sucrose content of the orange tissue (r = 0.716). In addition, the acid and neutral invertase activities of both tissues were correlated (r = 0.827 and 0.764 for acid and neutral invertase, respectively), as was the SPS activity (r = 0.636) and the SS activity (r = 0.546). Apparently, the enzyme activities and the sugar composition of both tissues responded in the same way to developmental changes. The activity of SS was significant in both tissues during development, and showed a slight peak at 30 DAP (Fig. 4) . Although there are some exceptions (4), this enzyme is presumed to be a cleavage enzyme in many plant tissues (6) , and was assayed in the direction of sucrose cleavage in this study because the synthesis reaction was not linear with time. In nonphotosynthetic tissues which make and store starch, SS is thought to provide UDP-Glc for starch synthases (6) . As melon tissues have no apparent starch reserves (15) , this is not a likely role of SS in muskmelon fruit. Huber and Akazawa (7) have proposed that the SS pathway in cultured sycamore (Acer pseudoplatanus L.) cells metabolizes sucrose and provides substrate for glycolysis at less energy cost to the cells than degradation via invertase. This may also be a possibility in muskmelon fruit.
The ultimate source of sugar in muskmelon fruit is photosynthate translocated from the mother plant. The disposition ofthat translocated sugar within the fruit, and thus the sugar composition and content, is determined by partitioning of sugar within the tissue, and the metabolism of sugar within each compartment. Because of internal regulating factors, enzyme activities in vitro do not necessarily reflect their activity in vivo. However, the presence and balance of enzymes, and changes in in vitro activity with development, in conjunction with congruent changes in the products of those activities, are suggestive of a possible regulatory role for those enzymes.
In this study, there is an apparent relationship between the sugar composition of developing muskmelon fruit and the relative activities of enzymes involved in sucrose metabolism. Immature fruit that lacked a detectable pool of sucrose had high invertase activity and low SPS activity. The increase in sucrose between 20 and 30 DAP was associated with a decline in acid invertase activity, and an increase in SPS activity that occurred at the same time. Sugar composition, a very important aspect of fruit quality, may be influenced by environmental factors affecting the activities of these enzymes. Consequently, the changes in the relative activity of these enzymes offers a testable hypothesis for the regulation of the sugar composition of muskmelon fruit and, ultimately, fruit quality.
